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’ ELEMENTARY PARTICLE STRUCTURE
CHAPTER II
ELECTROMAGNETIZ FIELD
Roger E. Clapp
Cambridge, Massachusetts
April 8, 1954

There are geveral ways in which a new theory may
be presented. Each way has ita own speclal advantages.
The logical-axiomatiec formulation is of special value in
eliminating internal inconsistencies in & theory, and in
eatablishing a rigorous basis for the prediction of
Physical phenomena. Chapter I was primarily concerned
wlth'the extrantion of certzin mailhsmalical consequences
from the fundamental postulate, that the:re exists a single
primitive wave fleld out of which all the elementary

particles are built. In Chapter III this logical-axiomatic

5% fundamental pnenomena

ct

point of view will be extenda=d 4g
of gravitation.
A new theory can also te presented in a more descoriptive

cehion, That is, the concepis and procedures can be

"

compared to other exiasting theories and pictures of nature.
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Points of contact and points of departure can be

A | ST

established or suggested. The current theories have

been shown to describe nature very accurately, within

e

t certain realms of applicability, and to encounter
obstacles in other realma. A now and inclusive theory
ought to account for thelr successes and fajlures, and
to redress the latter. It is of high lmportance that
¥ . & theory be presented in such a way that its ideas are

really communicated. A new language, freahly defined,

i may be needed in the logical-axliomatic formulation,

z but for purposes of communication an older language

” ( with familiar svnbols and pictures 1s preferable.

% A new theory can also be presented in a third way,

47,
e

with emphasis on the motivation and the train of thought

leading to its principal concepts. Such a chronological

or historical presentation has a particular value of 1its
own, There are ordinarily many forks in the path, many
unfrultful sldetracks and unsuscessful shortcuts. A
careful dlscussion of the altiernatives to the way that

was chosen may gerve to turn up a new cornicept which shortens

the route to the destination.
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THE GRAVITATIONAL SEA

The results of Chapter I, from the deductive or
postulational or loglcal-axiomatic point of view,
might be summarized in the form of a postulate and

a theorem:

Postulate: All of the elementary particles are
built from a single primitive wave fleld.

Theorem I: The egquations for the simplest possible
multiple-wave structure (a double-wave system of

zZero internal angular momentum) have aélutions in
which a parameter, K, with the dimension of
reciprocal length or wavenumber, appears in an
essentlial way. The wavenumber K dstermines the inner
periodicity and thes acale of size of the structure,
both for the particle-like solution and for the
zero-frequency soluilun; snd &leo servss as the unit

~of mass for the particle-like solution.

In Chapter III the poetulational approach will be
continued and applied to the pheromena of gravitation.

Arguments based on the postulate above will be used in

- introducing a second theorem:
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eore ¢ Ths gravitational field is represented b
VY & Fermi sea of primitive waves. The top of the i
Fermi sea i8 mairked by a wavenumber Kk , which varies

slowly through epace, rising higher where there is a

greater ooncentration of elementary particles. .The
Fermi sea provides a boundary condition for the
struoturec representing the elementary partioles,

since these structures must Jjoin the sea &t its surface.
That 18, of the primitive waves forming “he structures,
those waves which are not localized to the interior

af the elementary particles must have the psriodiocity

K of the surface of the gravitational Fermi sea.

The 4double-wave scolutions in Theorem I are of such

& form that they satisfy the boundary ocondition in

Theorem II, with the same value for the wavenumber, K,
being used in the two theorems. It will be a purpose
of later chapters to generalize Theorem I to more

complicated multiple~wave struoturss, as partial proof

of & third theorem:
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Theorem III: The wavenumber K, which marks the surface
of the gravitatioﬁal Ferml sea, determines thersby the
scale of 31ze of all the elementary particles and of 3

any combination of particles; and serves as the unit

of mass for the elementary particle mass spectrum.
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The rsciprocal of the wavenumber K thus serves as
8 locally valid “fundamental length," although it is not
an abasoluts constant but a meszsure of the gravifationai
potential. In Chapter III 4t is shown that the

gravitational acceleratlion of an elementary particle

5

nearly at rest can be represented by the gradient of

a potential:
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g = V(c',éden) (1)

But 1t 1e also shown that when the particle is in
moticn through space there is an additional effect, due
to the refraction of the primitive waves in the sloping
Ferml sea, and that this additional)l effect accounﬁs
quantitatively for the bending of iight and the other
“srucial phenomena' aof gravitatian. However, in both

the acceleration (1) and the refraction it is only
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through the grudient of ite logerithr that the
vavenunber K enters ths gravitziional equations.

Thus the numerical value of K cannot be determined

e
; QWWWM‘

from gravitational celculations. Nevertheless, Ifrom

the identification of a structure in Chapter IV as oOne

f-
é_ of the elementary particles of finite mass, it will be i
§_ concluded that the elementary particle mess spectrum ;
@ can be accounted for, most satisfactorily, by the ;i
£ assignment: i
L 3
: L = 28.10" em /2) 3
: K . L=/

The study of other structures, as in Chapter V, will be

used to reinfcrce the sssignment {2), and to incrsase

its precision.

It xight seem a logical conflict in terms, for a
numerical value to be aseigned to a quantity which is
supposed to vary through space. There is really no
inconsistency, however, If (Z2) is considered to be
a locel assignuent at the earth's surface, then tke
variation needed to account for gravitational Phenomena
is 80 gradual that K will be greater at the surface of

the sun by only two parts per zillion.
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Furthermore, according to Thsorem III any ruler

hid i amaae o

will itself change in elze in bveing transported between
two points at different gravitational potentiale, sinée

AT Ty

& ruler is a combination of elementary particles. If in

e TP

Equation (2) the "centimeter" is transformed in this

g

A S
i

the circumference of a circle about this diameter, then

?f way into a "local oentimeter?, then the numerical factor ;
é‘ in (2) becomes an absolute ratio, a retic between two %
%% lengths which vary in the same proportion through apace. %
= If, on the other\hand, the "centimeter" in (2) is taken 3
%? to be the length of a standérd centinmeter block which is é
g; Kept on ihs earih, then a ruler transported to the sun 3
;Ew ‘ will actually shorten in length. If such a ruler ware 3
g% used to measure a diameter of ihe earth's orbit,:and also %

the ratio of the circunference to the diameter would be
found to be less than . Yet if the measurements wers
corrected to allow for the shortening of the ruler near the
sun, the corrected ratio of circumference to diameter
would equai W exactly, according to the above piloture

in which gravitational effects are attributed to a field
in space rather than to any modification of space itself,.
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COMPARISON WITH GENERAL RELATIVITY

How does the above picture of gravitation compare
with that 31v6n by general relativity? In Einstein's
general theory of relativity, space itself accounts for
gravitational phenomena. The motion of an elementary
particle is along a "geoudesic" in space, the observed
accelerations being ;aoribad to the curvature or
non-Euclidean charactaer of space in the neighborhood
of a gravitating mass. There is a physical argument
which suggests, but does not prove, the validity of
such a plocture of gravitation. The line of reasoning
starts from the observation that all masses, all
elementary particles or combinations of particles,
are scocelerated in the same way by a gravitational
force. It follows that, in a frame of reference which
is carried along by one particle, falling freely, a
second particle, also falling freely, will appear to
have no acceleration. This is the "equivalence prlnoiple,"
stating that a gravitational force 1s equivalent to an )
acceleration of coordinates, for all elementary partiocles.
From the equivalence principle it is argued that
gravitational cffects should be ascribed to the properties
of apace 1itself, and space 1e then found to be non-

Euclidean.

a¥e |
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However, a somewhat different line of reasoning
could also be pursued, and from the same original

obgervation, that all elementary particles respond in

the same way to a gravitational force. This observation

does not preguire that gravitation be a property of space.

Gravitational effects can quite as easlly be attributed
10 a fleld in space, if &p can be shown that all of the
elementary particles sre so closely related to one
another that they will respond to the gravitational
field in the same way. Partly this is a semantic
problem, since one can simply define the gravitational
field as that part of the general field which tresats
all elementary particles on the same footing. But it
is still neceasary to show that there exists a part of
the generel field which dces treat them all the same,
end which accounts quantitatively for the known

gravitational phénomena.. With such a demonstration, as

summarized in Theorem II and given in detall in Chapter III,

it becomes permissible to treat the gravitational fleld
a8 & fleld occupying space rather than as a modification

of space itselif.
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Once the gravitational field has been set up as
an entity distinguished from the space it occuples,
the observer is free to choose, for his description
of space, any system of coordinates which he finds to
be convenient. He may choose a system which is at rest,
with reapect to himself, or one which is in relative
motion with a constant velocity; the descriptions of
the same fields or phenomena, as referred to these two
systems of coordinates, are related through the familiar
transformations of special relativity. The observevr may
2ls0 choose an accelerated system, if he uses the
transformations of general relativity. And now, in
addition, the observer may generalize one step further
and choose coordinates which are either Euclidean or
hon-Euclidean, to suilt his convenience. A transformation
beiween coordinates with different curvatures must be
accomranied by the appropriate transformation of the
gravitational fleld, a transformation so chosen that
actual physical phenomena are not affected. Of particular
interest will be the transformation between a Euclidean
frame with a varying gravitational potential, as described
in Chapter 111, and that particular non-Euclidean frame

which leaves the gravitational potential a constant.
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It is a natural generalization of Einstein's
arguments to require that the theory'be mede invariant
t0 transformations between Euclidean and non-Euclidean
soordinate frames. From an operational point of view,
the systems of coordinates by means of which an observer
correlates his observations are not themselves measurable.
Orly the flelds or particles in space can be observed,
and the cholce of coordinates can have no phyeical
consequence, since any two.systems of coordinates
encompassing the same physical phenomena can in praztioce
be mapped, one upon the other. For example, in general
relativity the Schwarzschild solution for the "line
element" in the vicinity of a point source of éravitation
is aotuélly expressed in terms of a "laboratory system"
of polar coordinates in Euclidean ep;oe, and the calouiatlon
of a planetary orbit proceeds in the laboratory frame.
It the "line element" 1s interpreted simply &8 & measure
of a pa;ticular kind"ot field occupying Euclidean spaoce,
the equations of that field being the equations of sensfal
relativity, then only the words are ochanged, not the
experimental consequences of the theoury. Ai a mattef of
fact, Einstein'’s own picture of a field in space transcends
the simpler interpretation of general relativity which
is sometimes given. In his words, "The field of a
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material particle may the less be viewed as a pure
gravitational field the oloser ons comes to the position
of the particle. If one had the field-equation of the
total fleld, one would be compelled to demand that the
particles themselves would everywhere be describable as
eingularity-free solutions of the completed field-
equations. Only then would thé general theory of
rolativity be a gomplete theory." It is difficult

to interpret these words in terms ¢i a field which is
simply a modification of the coordinate system, while

the interpretation in terms of a separate and occasionally
very complicated field, occupying ordiqary space, 1s
readlly made.

The generalization of the field concept, to include
electromagnetism as well as gravitation, is the subject
of the present chapter. This introductory summary of the
grav;taticnal parts of the theory has been necessary because
the electromagnetic field, in this theory, is a spin-
dependent modification of that same Ferml sea whose
height measures the gravitational potential. The present
theory is oconsistent with Einstein's concept of a "total
field" which describes the elementary particles an& which
also irovidel the locally effectiive mechanism by which one
partiolo responds to the influence of all the others.
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FIELDS AND OPERATORS

If a mathematiczal description of the "total field"™
is to be provided, then this dessripticon sﬁould inolud;
rul;l for selecting from this total field those special
fields, such as the gravitaiional and slectromagnetic
fields, which are measured in particular experiments.
The procedure to be used is the familisr quontum-mechanical
tormaliin; The total rfleld is given by a vave function '
satisfying a system of linear differential) equations,
vhilo the special flelds are represented by operatora.
Measurable field guantities are obtained from expectation
vzluss and transition matirix olesments of tho operators,
taken over the wave functions which describe particular
physical sltuations.

However, before the theory can be considered
complete, it must be shown that the formalism dewcribed
above cain be derived irom the fundamental postulate.

A first step in the derivation is taken in Shapter I11I,
where 1t is found that the equations describing the
refraction of a primitive wave can be written in the

spinor form of Chapter I, with the wave functiod
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components given as in (I.8) and (I.9). However, it

is found also that there are phase factors, written

as arbitrary in (I.12), which are no longer entirely
arbitrary in the spinor form of the gravitational
squations in Chapter III. To be sure, the initial
magnitude of the phase angle appears to be arbltrary,

tut when the wave is refracted the phase angle traaaiorms
like a multirzle (pius or minus one-half) of a “third
Eulerian angle" measuring rotations about the ﬁropasatlou
vestor ¥ es an axis. With the help of this third
Eulerian angle it is found in Chanter III that the spinor
wave function can b2 made single-velued with respeot to

the rotation-invereion group of transformations.

While this phase angle, described above, plays an
important role in the causal progression of a primitive
wave, the numerical value of the z2nzle &ces nocit affsst
the quantities whiolh se Of significance for gravitational
caloulations. But it 1s possidle to odbtein, from a billinear
combination of the componenta of the spinor wave funotion
‘ ; those quantities K and ® which are of gravitational
significance; the undesired phsszs angle is eliminated through
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the liinking of components of §. with components of E
in the bilinear zombination. Each component of g* or
£ is the product of /K and one of the Cayley-Klein
parameters, 80 that a bilirlear combination has the
dimension 1/L, the dimension of a wavenumber. 8ince the
gravitational quantities K and ¥ both have this same
dimension 1/L, only a simple bilinear combination is
needed, with a dimensionless operator to sort the
components into the proper combinstionas. The usual

notation for a hermitian acalar product will be used:
3 »

(In the ocase that the wave functions ¢ and ¢ are
multiple-wave functions, the summation will be goneralized
to include integration over internsal variables.)

There may also be an integration over the "external"
variables, in some cas9s, but such an integration will
not ordinarily converge, in the rimplest formulation of
the theory, since the primitive waves are not “bound" in
the usuel sense. In the follcwing expressions, which
relate K and ;{ to the operators unity and ‘t“ ?‘,

respectively, no such external integration is implied.
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oyt N
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= ‘ (E ) E) (1{-3) ]
‘:' - (k,7 TE&) (k1) |
? !
g In (4b) the 7-spin operator Tt 18 the same as the |
b

operator called T in Chapter I. It is one of a set

of three operators ‘T /T%;Q}‘ analogous 10 the

AR

three O -spin operators d;,a;, and having sinilar

matrix representations to those given for @ in

Chapter I, equations (I.3).

v

‘t The results, from Chapter III, which have been
desoribed in the preceding two paragraphs, can be

summarized in a fourth theorem:

Theorem IV: The equations for a gravitational

refracted primitive wave, which were obteirsd from the

gravitational analysis in Theorem II, can be writter

in spinor form, in terms of the spinor components
used in Theorem I.

dimension 1AL .

t
¥
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The spinor wave function has the

7

The gravitational field is characterized
by quantities having the dimension 1/L .
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quantity is expressed, in terms of the spinor wave

function, as the expectation value of a dimensionless
operator.
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ROTATIONS

The spinor formulation also makes possible a simple
fleld representation fer rotations. An observer may
choose to describe certain physical phenomena as they
would be observed from & rotating coordinate system.
According to the general field ploture used in tho

present theory, the transformation from a fixed to a

do Lah sl el i LA
ot R e \?.\,*A"‘tﬁ“ﬂiw”g«:

rotating set of coordinates should be accompanied by
& transformation of the fisld, a transformation so

chosen that physical phenomena are not affected.

(' In the absence of rotations or accelerations,

O a dad

that 1s, in an "inertial" or freely falling referenss
frame, the vasuum is represented by a Fermi sea with
& flat surface. When viewed from an accelerated
coordinate system, the same sea acquires a sloping

surface, and the same kind of sloping surface is used

to represent a gravitational force, in this thoory.

How can auch a fleld representation be extended to
inoclude rotations?

The answer 1is found in the spin psrameters vhioh

B

help to characterize & primitive wave. The spinor

N
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g wave function has four components, twn choices of

i O~-spin and two choices of T-spin. Thus there is

sn opportunity for correlation between the height of

the sea and the spin components. In effect, there are

Wistme

four separate seas intermingled. The average, or

LT eI

gravitational sea, as given in (4a), may be modified

¢ by, or accompanied by, rotational effects which can

be measured by an axial vector 8:

s = (§,7E) (5)

4 The absence of rotational effects means the vanishing J
of ': in the vacuum, at least on the average. The

use of a rotating coordinate system means a non-vanishing

value of 8. Dimensionally 8 18 a wavenumber; when i
multiplied by the velocity c¢ it becomes an angular
velooity measuring the rate of rotation of the coordinate

s

firame, with the direction of 8 narking the axis of

rotation.

e e e

¢
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Any discussion of rotetions raises a fami.iar question.

v
.
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If the observer is free to choose whatever coordinateas

he finds convenient, then who is to say which coordinates

are fixed and which are rotating?
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The reply, of course, 18 that all axes are equally
valld; that in any particular frame the local effects of
distant matter can be represented by a particular field {

disiridbution; and that in certain frames the field

o g
Rl el 3

distribution takes a particuiarly simple form. For 3

<mlia o
Edann G e

example, the rotztional effects meas ty (5) shoula
be a minimum in a frame which makes the stars and
galaxies appear to be at rest, although a rotating
frame, with (5) not a minimum, may occasionally prove
to be more convenient for the description of certain

special phenomena.

In the present theory the "inertial® properties
of an elementary particle are détermined~by the chsracter
of the Fermi sea in its vicinity, as given in (4a) and (5).
'Tho Fermi sea, in turn, is a summatiqn over the elementary
particles in the universe (with appropriste welghting
factors). Thus the present theory is in harmony with
"Mach’s principle," which states tnat the.inertial
properties of one particle are a manifestaticn of its
interaction with the rest of the matter in ths universe.

The ldentification of inertial mass and gravitational

. w ot ; S r j i R 6 i
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mass also follows from tho present theory, since thers
is no place for inertlial properties except through

gravitation. The gravitational Fermi aéa provides

g

the unit of mass for & particular particle and determines

>

its local behavior. Inertial motion (rectilinear motion
in an "inertial" or free-fall frame) is just a special

case oOi 5ruv1tatiohal response; it is motion in a

5 gravitational sea which happens to be flat.

The inertial properties of a bit of matter cannot
be considered as inherent in that bit of matter, but

i should be conslidered as induced by the total distribution
: (i of matter in the universe. From an operational point of
Q’ view no intrinsic mess can be attributed tc an isolated
elementary particle in an otherwise empty universe.
Additional particles are needed to determine a set 02
cocrdinate axes from which velocities and accelerationa
can be measurea; otherwise the cuncept of inertia cannot
be given a preclise meaning. It 1s consistent with this
operatvional argument that, if mass 1s a preperty induced
by the gravitational fisld, then the unit of mass should
become a measure of the gravitational poiential, as it

18 in the preasexnt theory.
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at the center. (A pailful of mercury, stirred at the

same angular velocity, would acquire the same concavity,

= When the apin of the primitivé waves ie taien into
%; account, aa in (5), the Fermi sea is enriched in its
Eﬁ properties and becomes capable of inducing inertias of
é? rotation. If (5) varies through a region of spacs, as
g g% vieved by a particular observer, then a structure moving
%%% through that region will experience a torque, as seen by
‘ %% this aame observer,
l%? ' The interpretation of rotational inertia can be-
% ég iliustrated by a classic example. If the water in a
i'i pail 18 stirred until it rotates with a certain angular
! %; velooity, the surface of the water will become concave,
iz @ the water rising at the edges of the pail absve the ievel
¥
&

except for small corrections due to surface tensicn, etc.)
Viewed from & coordinate system rotating at the sanme
angular velocity as the liquid in the pall, the liquid
itself will be at rest but the concavity will remain.
Acoording tc Mach's principle, the apperent force, which
in the rotating frame seems to be pulling the liquid

to the sides of the pall, ie to be attributed to the
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apparent motion, with reapect to this same rotating
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ecoordinate system, of the stare and galaxies which seei
to be moving in circular orbits about a common axis.

The field picture allows the influence of the distant
motion to be translated into a local field distribution.
In the present thsory the fleld distribution is given

in the form (5) at the center of rotation, with &

more complicated variation of (5) and (4a) farther out.
in Einstein's formulation the field distribution is given

‘fgwa'?;‘;ﬁ.?'wmmm.z [ a;,a;ag@@gﬁﬂ,ﬁgmﬁy.

a8 & spatial depsndance of the 813 In either case the

¥4
WY
- 4

%
i §- prcblem is to show that the local field is determined by
‘%% the location and motion of the distant masses. The field
f ‘ itself is not as simple, for rotations, as the fleld around

a source of gravitation. The rotation fleld 1:-#elocity-
depsndent in a direction-sensitive way. Viewed, as before,
from the rotating frame, the liquid in the pail will raact

to further stirring in a manner which depends upon the
direction of the further stirring. If the further siirring
is in the same dirasction as before, the oconcavity will

inorease, whereas 1f the Adirection is reversed, the liquid

surface will tend to flatten. It is as 1i, sesen in the
rotating frame, the liquid has a kind of intrinsic angular
momentum to start with, induced by the "spin" of the Permi

gea ocoupyinz the vacuum.
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MULTIPLE-WAVE FIELDS

The field picture of rotations, described in the

previous section, was brought into this second chapter

not 8o miich becauss of 1its practical value, which zay

i
)

be amall, but rather because it serves as an introduction

t0 the electromagnetic fleld, as it 1s represented in

s Dt s Fu balKN a5

the present theory. And the electromagnetic field, in

T el et “”’%%ﬂg‘nw g

its turn, will help to introduce the flelds of still

greater complexity which are discussed in later chaptexs,

L4

e

The electromagnetic 4214, in this theory, 1is a

i BT o ol il S0 AN M

double-wave field. Like the rotation field, the

electromagnotic field is a spin-dependent modification

ol the gravitational Fermi sea, but the modification is

more complicated. For the rotation field the simple

Ferml sea was enriched by a correlation hetween g -spin -

and height of sea. For the electromagnetic field the '

see will be further enriched by a cross-correlaticn

betvween vrimitive waves considered in pairs, a partiocular

e e

kind of cross-correlation involving both T-spin and

T -spin. Tne naivure Of iiis cross-correlation is such

that a pair of waves is involved only if the two vaves

RN
’ S
%

have opposite directions of T-spin.
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Questions immediately present themselvesz. What ip

the physical meaning of & double-wave distribution?

How can the consideration of waves by pairs produce

O 3 wﬂf.“m = RNy

anything not already contained in the sinzle-wave picture?

The second question can be answered first. A complete

characterizaiicon of all the primitive waves, one by onse,

will of course contain al} detalls, including everything

! that could be included in a characterization by pairs.
But the simple picture of a Fermi sea, even with the
rotational O'-spin dependence included, does not represent
a completa characterigaticn, since the picocture includes

(: an implicit averaging procéss. There has been an implioit
average over time, to smooth out or smear out any spatial
eorrelations between'waves, and (what is not .entirely the
same thing) there has been an average over phase angles,

including the "third EZulerian angle" which has been

§
{
E
|
t

mentioned earlier as being needed for a complete
anaracterization of a primitive wave. According to
Theorem 1V, those properties of a single prizitivé wave
which are needed for the gravitational (and rotational)
field are obtained from expectation values of operatorsg
in the computation of sxpectation values a necessary

property of a single wave, its phase, is lost.
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Aotually, there are two phases which are lost.

Of the four components of the spinor wave funoction Q,

two components have T} = +1, while the other two have

i ey
RCRGROR . T gd L
"y TNy

7} = =1. The time varilable enters into the phass factors
of the four components alwaye with the same sign, but
the "third Eulerian angle” enters the phase factors

with one algebrailc sign for the first pair of ccnpononts.
and with the opposite sign for the second pair. Since

TR MY ST

‘nond of the single-wave operatsrs contempiaied in
Theorem IV involve ’l‘.‘: or 'Z‘% (vhich would mix the two
¥ pairs of components), the expectation values lose both

the sum of the phases (thus averaging over time) auld ths

difference of the phases (thus averaging over ths third
Eulerian angle).

As long a8 i wave is characterized by “oblofvabloo,” or
the expectation values of operators, the characterization
cannot be complete since phase factors have been loat.

If the spinor wave function itself is used, then the
characterization is mathematicaXly complete but contains
phases which cannot be determined by experiment. However,
thesze nhages 2rs sotuzl and signifiocant in the interaction
of waves with each cther, so that they should have secondary

observable cON3aGUINCSs when several waves interact.
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In other worda, there 1 plcntiy of cpprortunity for
new observables to be formed when waves are considered
by pairs, since the list of gingle-wave observables
doeas not exhaust the dugroes of freedom 2f a single wave,
Later in this second tchapier there will Ve exhlibited
a set of double-wave observables satisfying Maxwell's
equations and providing a.suitable representation of
the electromagnetic vectosrs, charges, and currents.
8imilerly, additionsl observables, not contemplated
in the double-wave characterization, are to be expected
from the analysis of triple-wave systems in Chapters
IV and V.

A complete deacription of the primitive field is
included in the spinor formulation, but this epinor
formulation contains unobservable phases. If the
description is restricted to observables (expectation
vglues of operators, with averages taken over phases,.
and with integrationa and summations over internal
space and spin variables), then any such description
whish undertakes to give a complete characteirization
may have to include not only aingle-wave operators,

but also double-wave operators, triplé-uavo operators,
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limit. It iz the program of later chapters to examine
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some of the multiplicities in turn, but the mathematical
and philosophical problem of the possible exlistence of

& limit will alco be examined, since it is related not
only to the number of possible kinds of elementary
particles but also tq the general problem of causality,

ey S O W ARRESTEDAESY B0 0 T

and the meaning of measurement. The epistemologiocal
implications of the thecry will be discussed shorily.

e
£
3

Two questions were asked, several paragraphs back:
What i1s the physical meaning of a double-wave distritution?
How can the consideration of waves by palirs produce

anything not already contained in the single-wave picture?

The second question was answered through a discussion ol
the distinction between the representation of the primitive
field by itas spinor wave function and the representation
Yy a 1list of observables. The former picture is complete
but not observable, whille thé latter,piéture. though
observable, sannot approach completenéaa without the
inclusion of double~wave observablea..and may 8till be
incomplata evaen after the 1nelugion of any finite 1list

of multiple-wave observables.
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And now the firet of the two questions can bs
idsred. What is the pnysisal meaning of a double-wave
distridbution? iow cen it be measured? What is its

operational meaning? How can two waves be observed as
& saingle effact? For examnle, K +the electric veotor ia
represented in this theory by a double-wave cperator;
an electric field distribution is a correlation of
waves in the Fermi sea, a double-wave correlation
involving both @ -spin and 'Z"-'spin, & correlation
hetween waves having opposite signs for 23. 80 that

T + Tag = O. In practice and in principle, an
electric field is measured through the introduction of
& teast charge and the observation of its responsc to

the flield. In the present theory, the simplest test
charge is an electron {or a charged mu-meaon); which

is a structure bullt from three primitive waves, two
having one sign for 7y , the third having the other
sign for ‘t}. (The explicit structure is discusasd

in Chapter V.) It should be clear that, when a triple-
vave siructure is used as ths tast partlcle, a respecnss
to a double-wave distribution is Juat as easy to assound
for as a rsaponse i0 a single-wave distribution. It

should also be clear that the analozous neutral
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(2 )

structure (neutrino and neutral mu-meeon, dascribed

PP £ i
b .
AR RS

¥

g in Chapter IV), built from three primiiive waves all
g with the same sign for 'ti, will noy respond to the

% double-wave distribution representing the electric

g field strength. In order to responc to a double~wave
? structure with "anticorrelation" of T-spins, =

% triple-wave structure must contain a pair of waves

g. with opposite T-Bpin, whereas the neutral structure
b of Chapter IV does not contain such & pair. In faot,
%; it 18 through the lack of response to an electrig field
% thet the triple-wave structure of Chapter IV is found
; t to be neutral, so that the two scluticns (one of zero
E? maas and one of firiie mass) can be tentatively

ig identified as the neutrino and the neutral mu-meson.

In general, a multiple-wave field distribution

is a modificetion of the Ferml sea which can only be
described in terms of correlations among several weves
taken as a unit. the number of waves giving the

militiplicity. In practice and principle, the

Y

e I R T

multiple-wave distribution is measured through the

1

kg

DT 5 d

coservation of the response of an elsmentary particle

which is bullt from at least as many primitive waves as

o,

1
e bim

2 are correlated in the multiple-wave distribution.
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DIMENSIONAL ARGUMENTS

A further generalization can be made concerning
multiple~wave fields. In Theorem IV the dimensiun
of a single~wave spinor function was given as 1//T,
or L™, Accordingly a double-wave function will have
the dimension L™%, and a triple-wave fumation the
dimension L™ 8. An expectation value is bilinear in

the wave function, so that tho dimension of the expectation

value of a dimensionless operator will just be the eguars
of the dimsnsicn of the wave Tfunction. Operators which
have original dimensions of their own, as dporatorl, will

have these dimensions augmented when expectation values

are formed.

This theory expresses all physical quantities in
very simpie dimensions, using only length, time and
numbar, with the velocity ¢, the veloecity of a primitive
wave (and of massless structures like the photon and
neutrino), being used to relate the scale of léngth 40 the

scale of time. In terms of these simple units, the

dimensione of many physical quantities can readily be

written down, from the usnal thesnie

Y |
L ) » v
o =242 a4 v JMRIADE AW

- ——— ————— AN -

¥ 3 a4 T
e ETE ! f
o cotgls oS vt Rl 8

Ve
v—iﬁ“n““‘



PETSPT Ty
.)} Ly APy

5

e

ok
L1 .
_i’;_l..

-5 4
W ke A 2 wn ' 198 Whre 2BATL T IO

1

",k

..‘\(

i

>

o 6

R 20 D 1 S WA O i 0 e T

PO A UG (BT VPRI 1 P A DM T L e v —

II 31

In the single-wave case, as has bLeen pointed out,

the pertinent cbservables, given in (4) and {5), have

the dimension of L™*, or wavenumber. The observable (5)
is more appropriately expressed &s & frequency, after
multiplication by the velocity c. The operators in
(4) and (5) are dimensionless, the dimenaion L~ * being

the sguare of the dimension of the single-wave function.

In the case of a double-wave function, the expectaticn
value of a dimensionless operator will nave the dimension

L™, or "per unit area." The natural units for ihe

eleotric and magnetic field vectors, in terms of lenxth,
time, and number, would be ¥lines per unit ares,” where

the "lines" are "lines of force", a numerical rathsr than
a diﬁenaional concept. Thus the dimension.of the eleotrio
veoctor, from the point of view of the preqeht theory,

will be L™%. A scmparison-with the square .of the Aimension
of the double-wave function showa that the elestric veotor
should be represented br a dimensionless Operﬁgor in this
theory, and a simil.s comparison showd that the magnetioc
veotor should lilkewise be reprssented by & dimensionleas

opsrator.
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The number of vector operators which ¢an be built
from the avallable dimensionless double-wave spin operators
1e severely limited. In fact, there are only three
independeni vector combinavions of o -Bpin operaicrs,
(& + &), (05 - &), and (Fx3%). With appropriate
T~8pin rfactors added, two of these operators are found
0 pPlay the roles of electric and mragnetic vectors in a :
sot of Maxwell's equations, with other operators, not

dimensionless, apprearing in the equations as charge and

current operators. The detalls are given later in this
chapter. As was to be expoected, the operator for electrio

; (i, charge contains a derivative and thus has the operator
dimension L~*, so that tne dimension of the expsctation
value 1s L™, the appropriate dimension for “charge

density." i

e e et G i st

Dimensional arguments can also be applied to the

triple-wave case. Here the expectation value of a

dimensionless operator will be L™, or "por unit voiume."

s The wave function itself has ths dimensiorn L%, 1In

Chapter V 1ia discussed a iriple-wave structure to

revresent the electron, so that it is the exlating
theory of the eleciron which should be compered with the
triple-wave field, in crder to establish an identiriaeation.

The existing theory of the electron is quantum mechanics, '
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in which the electron ias represented by a wave function
which 42 a "probability emplitude" having the dimension
L"%, When 1ts absolute value 1s.squared, the resuit 1is
a "probability densiiy" having the dimension L~%. fThe
di;eot identification éf the quantum-mechanical wave
function with the triple-wave function of the present
theory 1s suggested by the dimensional analysis.

However, in guantum mechanics it is ordinarily
assumed that the probablility density for the eleétron'is
the same thing (except for a factor) as the charge density
aistribution. In the preasent theory there 1s & Tundawsnbtel
distinction between the two densities. The probabliliity
density is a triple-wave property referring.to the
probable location of the center of an electron; while
the zharge density is a double-wave propertiy and can,
for example, refer to the distribution of charge within
an eleciron, since in this tneory the chairge of an
electron is not concentrated at its central point. In
the newer quantun slectrodynamics the charge assoclated
with an elactron is no longer concsntratsd at a point,
but 1s diatributed in & way which corresponds more
closely with the picture of the electron as a triple-

wave structure, as given 1in the present theory.
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It has been implied above that quentum mechanics,
with ite probabllity-ampiitude interpretaticn Sf the
wave function, is a special theory applicable only to
triplo-wave siruciures (eleciron, neutlrins, charged and
neutral mu-mesons). Certain qualifications need tc be
aprended to this interpretation. Certain features of
quantum mechanics will be found to recur in the desoription
of other elementary particles. Later in this chapter an
explicit wave function for the photon will be described.
It satisflies & weve equation resemblingz an equation from
quantum mechanics, but the wave functlion cannot he

interprsted as a probability amplitude because, by

()

Theorem 1V, it has the wrong dimenesion. The actual wave
equation is linear and hcmégeneous in the wave function,
80 that the form of the equation does not restrict the
dimension of its solution, but Theorem IV does provide
such a restriction and rules out the interpretation of

the photon wave function as a probabllity ampiltude.

Within the framework of the présent theorj, the

charged and neutral pi-meaons have tentatively been

EX 1

e 'y
o R G W0 DT STV I U 1B e D PV PN s

4d2ntified as structures built from four primitive waves.

2.

They have wave equatlions and wave funétiona,.but again
o the vave functions cannot be interpreted as probability

anplitudes because of Thecrem IV,
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However, for the rr«ton and neutron; in this theory,
there is & ocertain partial vaiidity <o the interz—-ciziich
of the wave function as a probabllity amplitude. From
argumsnts nascsd on stablility, spin, and mass, it 1is
tentatively concluded that a nucleon is bulilt from
fifteen primitive waves. The observed stablility is
evidence of a "closed shell," in the bullding up of
elsmentary parﬁiclos from primitivo waves. Fron the
order of magnitude of the observed mass it is concluded
that the shell which has been filled 18 a P-shell. There
are four choices of spin ior a primitive wave, counting

e both T-spin and O-spin, and three independent P-staie
| angular functions, so that a closed P-shell will have

twelve primitive waves. Twelve primitive waves will

have a mass contribution which 1s at most 12X, but may

S @ R, T ST o T

be less 1f there are correlation effects which roduce it.
With the value (2) for K, tho mass of a nucleon is
about 13.%4 ¥, so that the nucleon can be interpreted

I ——rE IS s -

ﬁf i a6 the comblnation of a c¢losed P-shell and several more
primitive waves. From the spin ard statlisticz of the
nuclecy 1t is inferred that ths total number of raves

= used muat he 0dd. The number must be greater than 13,
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because the mass of a 13-wave structure cannoi exceed
13k, while the nucleon mass is 13.4 K. (The upper
limit of NK for the mass of an N-wave siructure is
found to be a consaquence of the boundary ocondition
mentioned in Theorem II.) Thus the numﬁer of waves

in a nucleon structure must be at least 15, though the
above arguments do not irule out the number 17 or any
higher odd numbaer. However, strong svidsnce for the
number 15 can be derived from the results of Chapter IV,
! i In Chapter IV it is shown that an uncharged triple-wave
; structure exists with the mazs 1.48K. This is

interpreted as a neutral mu-meason, a particle whose

)

exlastencs has besn surmised but not yet verified

O

experimentally. A combination of a closed P-shell

L aa v

(12e88 12 %) with suck a neutral iriple-wave structure

t , (mass 1.48 x ) might be expected to give a 15-wave
unchargesd structure with a mass somewhai less than -

S 1 13.48 % . perhaps 13.42 K, which is the observed mass of t.ho

asutron in the units of this theory. A similar

oombination of a charged triple-wave structure from

Chapter V (rspresenting a charged mu-meson) with the

1

]

g

;
= same kind of closed P-shell should give & charged

'1_‘4" .

15-wave structure of asbout the same mass, poirheps 13.40K,
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whioch 1q the mass ::X the proton on the same scale,
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In this way, by a comparison of the observed
nuclaon masses with the approximetie masses to be
predicted for structures of 15 waves, and by &
sonsideration of the observed spin, statistics, and
stablility, a tentative assignmeni{ of 15 waves 1s
selected for the neutron and proton. Further support
for this assignment can be derived from a dimensional
argument. It is found that the equations of guantum
mechanics, along with the interpretation of the wave
function as a probability amplitude, apply quite well
to neutrons and protons, as welil as to electrons, and

(‘y apply generally to nuclel and atoms and molecules, eto.,
all of which are combinations of neutrons, protons, and
electrons. However, there.must be introduced into the
#quations a short-range nuclear interaction or "meson

fiold." All of this follows from the present theory

as long as the l2-wave P-ghell 1s identified with the

"meson field," leaving the rest of the nucleon, the

{ ramaining triple-wave structure, to represent the nucleon

4 in the equations, the effects of the P-shell being

Ay " absorbved into the quantum-mechanical mass and the
i short-range coupiing. A later chapter will sxemine the 1
.7 1 !

detailed consequences of such a picture of the nucleon.
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CAMBALITY

The preceding pages of this second chapter have
besn intended as a comparatively nonmathematical
end descriptive summary of the concepts underlying
thie elementary particle theory, particularly the concept
of the gravitational Ferml sea and its modifications.
8incs in this theory all of the elementary particles
are multiple-wave atructures, it 1s of basic importance
tc make clear the meaning of the multiple-wave fields,
and the distinction between the total fieid and ihe
observable characteristics of that field. Particularly
sigaificant is the definlition of “observability," the
delineation of the limits of knowiedge or control, the
problem of causalitr within and cutside those limits.,
Befora the detailed equations of the electromagnetic field
are introcduced, a briaf discussion of the moot problem

of causality will be presented.

In elementary particle physics the word "causaiiivy"
haes come to be used in two sensea, a reatricted sense
and a more general sense. In the gensrali sense of the
tverm, there 1s a long-standing controversy over the

causal character of the laws of physica. The equations

s
ey
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of quantum mechanics, when directed to the pradiction
o experimental results, can give only statistical
prodictioné concerning many phyvsical quantitiea which
can be measured to high accuracy. Similarly, and'apart
from whatever theory is used, it is found experimentally
that, no matter how carefully the coperatus is desligned
or operated, certain experimental results are subject
to an irrsducible scatter or fluctuation, and can be
controlled only to this extont: they uan be kept within a
certain statistical distribution. It is Einstein’s
contention that the laws of nature muat be eiact, 8o

4hat there must be variables and equations which
determine precisely where in the statistical distribution
the result of a particular experiment will fall; and that
eventually the experimenter will learn how to fix or
select particular values of the extra variables and thus
to determine the result of the experimeunt precisely.

In disagreement with Einstein are others who comnsidsr
nature, in certain aspects of its detailed behavior, to
be unknowabie and insecrutable. The present theory, in
Theorem IV and the sections following it, takes an |

intermediats position in this controverey.
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Acocording t9 the present theory, the laws of nature
are exact and determined and causal, but an essential part of
the cause is internal to the objact of experiment and
is thus outsides the control of the experimenter, outside
his information but not outside his understanding,
unknowable but not inscrutable. The experimenter cannot
control the experiment completely and must repeat the
experiment many times in order to be able to averasge ovser
the ianer variable or varlables which were not under hia
sontrol. To e useful {0 this experimenter, a theory
must do the aéme thing, must average over internal

variables and give statistical predictions.

The meathematical device of the sxpectation value,
discussed in connection with Theorsm IV, has for iis
main purpose the averaging over internal degrees of
freedom, so ihat the "obaervables," which represent the
incomplete description available to the experimenter,
may be obtained from the wave function, where the wave
function ie the exact deacription which alone obeys the
etrict requirements of causality. But can it really be
demonstreted that the experimenter's description 1is

necegasrily incomnlete?
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It is possible to give & line of argument, of a
more philosophlcal tone than the dexrivation <f Theorem IV,
leading to tho'éonclusion that there should be inner
degrasea of freedom which play an essential part in
causal behavior but are not observable. As the first
step in the argument, it i8 to be noted that the wave
equation of the primitive fleld is a linear differential
equation, 35 that the future 1is determined by the present.
na8, nd mattisr hovw many primitive
waves are deing considered at a time. If the linear
differential equation is considered to be replaced by
an integral equation, then the future behavior of a
paerticular elementary pariicle, as seen or visuallzed
by a certaln observer, is determined by a volume integwal,
with a certain Green's function, over the present state
of the universe, again from the point of view of the
same observer. In the second step of the argument,
it is noted that all of the elementary particles, to
satisfy Theorems II and III, &lc ocviuveul 9B Wisdvii wus v
exterd over a finits volume, a volume which can in no
case be less than 1/K®. &s the third stsp, it is
oconaruded that an irreducible poriion of the volume
integral (the "causal integral”) must be taken over

the interior of the elementary particle.
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S8ince there is no reason for the Greon's function
to vanish over this ianterior portion, it follows that
the behavior of this particular elemsntary particile,
while ontirely causal, 1s partially self-determined.
The interior region has, & priori, just as much right
t0 share in the causal integral as any other part af
the universe. The irreducible vclume of the structure

corresponds to the volume per wave in ¢the Fermi sea

25

'Qf primitive waves, 80 that, a priori, there will be

a’, least one degree of freedom asaoclated with this

volume.

An experimenter, seeking to control the motion
of the elementary particle, may be able to establish
the external conditions to high precision, but he cannot
ponatrate to the interior of the particle without
destroving its identity. Any penetration wculd have
to be by the agency of some oiher elementary particle;
all other elementary particles are alsc extended in
space snd ¢an bring back informatiion Gsaiing nsi witha
sp&all sub-velumea within the structure but wiih
Anteraoctions of the atructurs as a whole And, aslnoce
all particlesa ars built from the same kind of waves, any

suclk penetration would lead to exchange and reassemh™y,

& loss of identity of the original particle.
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Thus the experimentar cannot prescribe the whole
of the causal integral and cannot have complete control
over the behavior of the rarticle. No mattexr how far
back in time the volume integration is pushed, there
will always be a region which belongs to the particle

{ end is beyond the control of the experimenter. This
separation of the object from the experimenter, and

] allocation of degrees cf freedom on each side, is

concerned with actuel knowledge or actual control.

There is nothing te prevent the experimenter from
; understanding or visualizing the internal degrees of
H (:, freedom, or from writing wave eguations which 1noludq then,
He is only prevented from knowing or controlling their
quantitative values. If this were not so, if one part
of the universe could bhe completely controlled by another

part, then the pictura could be reduced to an absurdity,

with the whole upiverae under the control of a fav atoms,

I the universe is a functioning whole, vwhich it scema
10 be, then 211 parts cf {he universe, all elsmentary '
particles, must share in that functioning. And if an

electron can be shovn to have an innmer degree of freedom,

’
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an element of selif-determination, = moldicum of free will,

theii who is to deny a share in causality to other, larger,

@ors oomplex forms of mattor?
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\ In additior to the general kind of causality,
discussed in the pnreceding pages, there is a more
restricted relationshlip which has also been denoted
by the term "causality.'" The restricted causality
principle 1s.a limitation imposed upon the form that

] acceptable theories may take. . he principle is based
on the premise, from special relativity, that the

{ propagation of an effect from one point in space to

another point cannot exceed the velocity ¢. From this

premise it is argued that the specification of a field

quantity, at one point of space and time, must de

(:; independent of the specification of the same fleld

quantity at a different point of zpace and tine, as

long as the two points of space-time are separated Ly

a Yapace-like interval," so that sach point is outside
the "light-cone" through the other point. This restristed

causality principle contains within its statement certain

-
Wiy

impliscit or hidden assumptlions, principally the assumption

>

that a "fleld quantity" can always be localized and

dofined“at a point in space-time, without rsference to

other points in the vicinity. If the very definition cf
& field quantity includes an integration over nearby [
points, then the conclusion given abcve does not follow

from its premise.
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The multiple-wave fields cf the present theory are
nonloocal fields failing outside the implicit assumptions
of this restricted causaliity principle. Within the
framework of the theory 1t ia not poasidle for affects _
to be propagated at & veloclity exceeding ¢, since all i
effects must be carried by primitive waves, and £ is the

.

velocity of & primitive wave. Nevertheless, a multiple-

vt o

i wave "otservable" fieid quantity, such as the electric

field vector, 1s specified by the expectation value of

b an operator, and the calculation of the expectation

! value involves an integration over a neighbvoring volums.

! & The alectris ficld is thus a nonlocal field in the
sense that the value associated with onz point depends

upon conditions &l other points in the neighborhood.

T oo O )

The illustration can be made more explicit. The
operator for the slectric vector 1s a doubie-~wave

dimensicnleas spin operator:

E=2sta%-m%) (52 %)  (6)

The wvalud

f
®
[lo]
Lo ]
c*
=
®
D
=
D
[l
e d
e |
>
[}
i~y
[®Y
[t J
[
=%
o
e d
»
e}
[}
{p
3
I~ d
[
F]
(|i0
<
3

b7 the expectation vaiuve of the operator (€} in the
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Ferm). sea, at that pcint. But the calculation of the

st s 490D

expectation value includes an integration oves the
relative coordinates, the components of the relative
vector ¥ = ¥, - s . The value of the electric ficld

&t one point thus depends ¢n an integration over a
surrourding volume. The, elestiric fleld at a different
but nearby polant will also depend on e volure integration,
and if the two points are very close the volumes will

overlap and be almcset equivaleni, so that the two values

for the electric fileld will not be independent, even
though the two points are being considered at essentially
(: the same moment in time and are thus separated in space-
time by a "space-like" interval. In practice, the
separation within which.the two integrations bscome

e s i . ¢ s

H a;yoat equivalent is determined by the shortest wavelength |
in the Fermi néa, which corresponds to the wavanumbser K

at the top of the sea. If the separation of the two

;fﬂ points 13 less than the distance (2), then field guantities

: conputed at thse two points cannot be conaldered independent.,

In delocalizing or "smearing out" field quantities such

i::g as the eleciric fleld vector, thé wavelengtly a2t 1lis Lop

S of the Fermi ses perforus, once again, cne of “. & funsticus

¢of & "fundamenta) longth."
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